Objective To estimate the effect of reducing caffeine intake during pregnancy on birth weight and length of gestation. Design Randomised double blind controlled trial. Setting Denmark. Participants 1207 pregnant women drinking at least three cups of coffee a day, recruited before 20 weeks' gestation. Interventions Caffeinated instant coffee (568 women) or decaffeinated instant coffee (629 women).
INTRODUCTION
Exposure to caffeine in adults is mainly through the consumption of coffee. 1 The half life of caffeine is 2.5 to 4.5 hours in non-pregnant women but longer during pregnancy, especially in late pregnancy. Caffeine is rapidly absorbed from the digestive system and passes freely across the placenta. 2 In addition, fetuses do not metabolise caffeine well. 3 Caffeine increases the levels of circulating catecholamines, 4 which may cause uteroplacental vasoconstriction and fetal hypoxia, all of which possibly reduce fetal growth. Caffeine also increases cellular cyclic adenosine monophosphate, which may influence cell development. 5 Pregnant women with a high caffeine intake (>300 mg a day) have been shown to give birth to babies with a birth weight 100-200 g lower than those of women with a low caffeine intake, [6] [7] [8] although not all studies found this association. 9 10 A high daily caffeine intake has also been associated with an increased risk of giving birth to small for gestational age or low birth weight (<2500 g) babies, 6 11-14 but not all studies found this association. [15] [16] [17] [18] Most studies found no association between caffeine intake and preterm birth. 19 Some have shown an association between caffeine intake during pregnancy and miscarriage, 20 21 but not all. 22 23 These conflicting results have puzzled public health authorities, and in some countries pregnant women are warned against caffeine consumption. Women with a high caffeine intake during pregnancy differ in many ways from women with a low or no caffeine intake. They smoke more, have a higher alcohol intake, and have attained a lower level of education. 12 18 Despite attempts to control for these factors there are limits as to how much can be controlled in non-experimental studies.
We carried out a randomised double blind trial to estimate the effect of reducing caffeine intake on birth weight and length of gestation.
METHODS
We recruited Danish speaking pregnant women who consumed at least three cups of coffee a day and who were less than 20 weeks pregnant. Eligibility criteria included no history of a low birthweight baby (<2500 g), preterm delivery, kidney diseases, epilepsy, diabetes, or metabolic disorders.
From April 1996 to April 1998 we sent a questionnaire to all pregnant women booking for delivery at the Department of Obstetrics, Aarhus University Hospital, to assess coffee intake. At around 16 weeks of pregnancy we contacted those who had stated a daily intake of at least three cups of coffee. Eligible women who agreed to participate received detailed information on the study and a consent form.
From April 1998 to January 2002 we recruited eligible participants through the Danish national birth cohort. 24 Participants in the cohort completed a telephone interview around 12 weeks of pregnancy that included information on the inclusion criteria. Eligible women were again informed about the study and recruited if they had signed the consent form.
Randomisation and follow up
The women were randomised to receive caffeinated instant coffee or decaffeinated instant coffee. We bought the coffee from the manufacturer, in identical boxes without labels. The women were allocated to either group by a computer generated randomisation schedule and assigned serial numbers in balanced blocks of six. Staff not in contact with participants and endpoint data applied a label with the serial number to each of the boxes according to the randomisation schedule. After the project coordinator (BHB) had received the consent form (at about 18 weeks' gestation) she posted six boxes of coffee to each participant, who were registered with the serial number applied to the box. BHB and the participants were blinded to the type of coffee, and the blinding was broken only at the end of the data analyses. The women could request as much coffee as they needed free of charge.
We asked the women to replace their usual coffee with that provided, but we did not advise them on how much to drink or ask them to avoid regular coffee offered by others or intake of other caffeinated beverages such as tea, cocoa, or cola. The women were interviewed throughout pregnancy to obtain data on daily consumption of the study coffee, other caffeinated beverages (coffee, tea, cola, or cocoa), and smoking status. The interviews were scheduled at gestational weeks 20, 25, and 34 and at four weeks after the expected date of delivery. In the final interview we asked the women to guess (or state "don't know") which type of coffee they had received.
Outcome measures
The main outcomes were birth weight and length of gestation, which we obtained, along with date of birth, from the Danish national birth register using the mother's personal identification number. If data were missing (n=29) we used information from the telephone interview four weeks after the expected date of delivery. Gestational age at delivery was estimated by ultrasonography for 94% of the participants and by the date of the last menstrual period for the remaining women. From the national birth register we obtained information on length, head circumference, abdominal circumference, placental weight, and Apgar score to use for secondary analyses.
Statistical analysis
We analysed data on an intention to treat basis, blinded to coffee exposure. We compared both groups at baseline for maternal age, parity, education, smoking status, and prepregnancy weight and height. For crude analyses we used Student's t test to compare mean birth weight in the two groups and Wilcoxon's rank sum test to compare mean gestational age. To produce more valid estimates we adjusted for several potential confounders selected a priori and recorded at baseline; gestational age (in the analysis of birth weight) and prepregnancy body mass index, parity, and smoking status, as these factors are linked to fetal growth. We used analysis of variance for the adjusted analyses and to compare anthropometric measures such as head and abdominal circumference, birth length, and ponderal index ((birth weight (g)/birth length (cm) 3 )x100) between the groups. The risk of preterm birth, being small for gestational age, and an Apgar score of less than 7 at five minutes was assessed by logistic regression analyses. Small for gestational age was defined as a birth weight more than two standard deviations below the mean for gestational age on the reference curve as suggested by Marsal et al. 25 Preterm birth was defined as delivery before 37 completed weeks of gestation. In secondary analyses we stratified the main results on smoking status at baseline because an interaction between smoking and coffee consumption has been reported. 7 To determine if women who received decaffeinated coffee increased their consumption of other caffeinated beverages, we calculated the mean intake of caffeine from study coffee, other caffeinated coffee, tea, cola, and drinking chocolate for women in both arms of the study on the basis of information from the interviews.
All reported P values are two sided, and we defined statistical significance at the 5% level. We used Stata version 80 SE for all analyses.
If the standard deviation of birth weight was set to 500 g we calculated that a sample size of 800 women would give 80% power to detect a difference in birth weight of at least 100 g at a 5% two sided significance level.
RESULTS
Overall 1207 pregnant women were randomised. After exclusions, 568 women were randomised to caffeinated instant coffee and 629 to decaffeinated instant coffee (figure). The groups showed only minor differences in baseline characteristics (table 1) .
A total of 1153 women with a liveborn singleton were included in the analysis of birth weight and length of gestation. Of these, 8.6% (54/629) randomised to the decaffeinated group and 4.9% (28/568) randomised to the caffeinated group dropped out of the study before giving birth. The outcomes for these women were included in the main analysis.
Primary analyses
Women randomised to caffeinated coffee had a higher mean caffeine intake during the study period. Based on information from the interviews the mean difference in caffeine intake between the groups was 182 mg a day. Table 2 shows the caffeine intake from other beverages.
The mean birth weight for babies born to women in the caffeinated group was 3539 g (SD 604 g) compared with 3519 g (SD 607 g) for babies born to women in the decaffeinated group (table 3) . Using the Wilcoxon rank sum test no significant difference was found in gestational age between the groups (table 3; P=0.48).
After adjustment for determinants of birth weight at baseline the mean difference in birth weight between babies of women randomised to decaffeinated minus caffeinated coffee was 16 g (95% confidence interval −40 to 73; P=0.57).
Secondary analyses
The groups were similar for head and abdominal circumference, ponderal index, and placenta weight (table 3) .
The difference in mean birth weight and length of gestation between the groups was not modified by coffee consumption at study entry or by compliance with the protocol (table 4) . Women who smoked more than 10 cigarettes a day at study entry, however, had babies with a lower mean birth weight of 263 g (97 to 430; P=0.002) if they were randomised to caffeinated coffee compared with babies born to women who were randomised to decaffeinated coffee (table 4, test for interaction P<0.001). On average these women smoked 15 cigarettes a day in the decaffeinated group (interquartile range 13-15) and 16 a day in the caffeinated group (interquartile range [15] [16] [17] [18] [19] [20] . For women smoking more than 10 cigarettes a day the mean difference in caffeine intake between the groups was 242 mg/day. For non-smokers the mean difference in caffeine intake between the groups was 154 mg/day. When length of gestation was the dependent variable no statistically significant interaction was found between smoking at study entry and randomisation group (test for interaction P=0.25).
In the caffeinated and decaffeinated groups, respectively, 4.2% (23/552) and 5.2% (31/601) of infants were born preterm, 4.5% (25/552) and 4.7% (28/598) were small for gestational age, and 0.8% (4/527) and 1.0% (6/578) had an Apgar score of less than 7 after five minutes. None of these differences was statistically significant.
Compliance
At about 35 weeks' gestation 53% (295/552) of women in the caffeinated group and 45% (271/601) in the decaffeinated group drank less than one cup of other †Amount of caffeine varies with type and amount of coffee used, brewing methods, and cup size. Average estimates of caffeine per cup were: caffeinated study coffee 65 mg (according to manufacturer), decaffeinated study coffee 0 mg; other coffee 100 mg; tea 50 mg; drinking chocolate and cola per glass (2 dl) 5 mg and 20 mg. 26 Data were not available on size of cups but were available on whether women used regular sized cups or mugs; a mug of coffee was classed as two cups.
caffeinated coffee a day; 24% (132/552) and 24% (147/ 601) drank one to three cups of other caffeinated coffee a day, whereas 9% (50/552) and 8% (51/601) drank more than three cups of other caffeinated coffee a day. Information on consumption of other caffeinated coffee at 35 weeks' gestation was missing for 18% (207/ 1153) of the women (72 gave birth before the third interview and 79 had withdrawn their consent). Data from diaries were available on daily caffeine intake from study coffee, other coffee, tea, cocoa, and cola, but only 51% (293 in each arm) of women returned the diaries (data available on request).
Blinding
In the caffeinated group 35% (191/552) of women guessed the type of coffee they received compared with 49% (296/601) in the decaffeinated group; 20% (123/601) in the decaffeinated group and 22% (121/ 552) in the caffeinated group could not guess. This difference in guessing was statistically significant. Information was missing for 10% (110/1153) of women; 82 had withdrawn their consent before the final interview, and 28 were unreachable. Differences are for decaffeinated minus caffeinated groups. Number of babies differs owing to missing data. *Adjusted for gestational age. †Adjusted for length of gestation, parity, prepregnancy body mass index, and smoking at entry to study. 
DISCUSSION
Providing decaffeinated coffee to women who drank three cups of coffee or more a day in early pregnancy had no effect on birth weight or length of gestation. We found only small differences in potential confounders at baseline between pregnant women allocated to instant caffeinated coffee and those allocated to instant decaffeinated coffee, and we adjusted for these in analyses.
To ensure good compliance we did not impose a strict protocol on the use of caffeinated beverages during the trial. Still, we obtained a difference in caffeine intake of a magnitude that has previously been reported to have an effect on birth weight. 8 The difference in caffeine intake we found (182 mg a day) corresponds to almost three cups of instant coffee a day. We cannot, however, rule out that larger reductions in caffeine may increase birth weight.
Caffeine intake is associated with smoking and alcohol intake, which may influence birth weight. It is possible that a modification of caffeine intake could also influence other lifestyle factors. However, we found no difference between the groups in smoking or alcohol consumption (data not shown).
Women in the decaffeinated group guessed their type of coffee more often than women in the caffeinated group. Women recruited to the study consumed at least three cups of coffee a day, and it is likely that some in the decaffeinated arm had withdrawal symptoms such as headaches. 27 Slightly more women were randomised to decaffeinated coffee than to caffeinated coffee because of differences between the groups in requesting additional study coffee. When women requested more coffee the first box from the remaining stack of coffee that matched the first supply was chosen. Since women receiving caffeinated coffee requested additional coffee more often we randomised more women to receive decaffeinated coffee. This modification in randomisation probabilities has an effect only on power and not on internal validity of the study.
Comparison with other studies Our finding of a possible caffeine effect in smokers may be due to chance, but it has some biological plausibility. Smokers metabolise caffeine faster than non-smokers because smoking induces the CYP1A2 pathway for caffeine metabolism. A previous study found that the caffeine metabolite paraxanthine was associated with fetal growth in smokers, whereas serum caffeine was not. 28 A recent study suggested that CYP1A2 activity, and not the absolute levels of metabolites of caffeine, influences fetal growth. 29 Unanswered questions and future research Our trial was carried out in the second half of pregnancy when the net increase in fetal weight is highest. If caffeine has an effect on birth weight by mechanisms that only operate early in pregnancy we would not detect it. Furthermore, we cannot rule out that substances other than caffeine in coffee may influence birth weight. Our results emphasise that care should be taken when extrapolating results to smokers.
